PURPOSE: There is increasing pressure on general practitioners (GPs) to identify patients with abdominal obesity in order to reduce the life-threatening consequences of this condition in the population. We aimed to confirm previous findings on the inaccuracy of anthropometric measurements performed by GPs in an academic primary care clinic and to assess the effect of theoretical training to improve the quality of these measurements. METHODS: This cross-sectional study involved 26 GPs from private practices in Geneva, Switzerland. They were asked to measure weight, height, waist and hip circumference on ten volunteers within their practice. Two trained research assistants repeated the measurementss after the GPs ("gold standard"). The GPs were then randomised to receive information detailing the correct method for taking measurements (intervention, 14 doctors) or simple information about obesity (control, 12 doctors). Measurements were repeated a few weeks later. Measurement error was computed by comparing the GPs' values with the average value of two measurements taken in turn by the research assistants, and agreement was examined by Bland-Altman plots. The GPs' skills were assessed through auto-questionnaire and direct observation. RESULTS: All measurements except height were prone to measurement error, the least affected being weight (and therefore body mass index [BMI]). Following training, measurement errors were slightly less prominent in the intervention group. GPs' skills in measuring waist and hip circumference were frequently assessed as inadequate, but showed improvement after training. CONCLUSIONS: Without proper training, priority should be given to using classical anthropometric measurements (i.e. weight, height and BMI determination) in daily practice.
Introduction
Worldwide prevalence of obesity is high and increases continually. It reached epidemic proportions in 2008, when 9.8% of men and 13.8% of women were obese in the world, compared with 4.8% and 7.9% in 1980 [1] . Estimates indicate more than 2 billion individuals in the world were overweight or obese in 2013 [2] . In Switzerland, the same trend is noted with 6.1% of men and 4.7% of women who were obese in 1992/1993 compared with 11.2% and 9.4% in 2012, and this figure is evenly distributed throughout the country [3] [4] [5] . This progression is alarming, since obesity is associated with serious health consequences such as cardiovascular diseases and type 2 diabetes, and is a leading cause of global burden of disease with an estimated 35.8 million (2.3%) of global disability-adjusted life years (DALYs) caused by this condition [6] . In addition, relative to normal weight, obesity is associated with significantly higher mortality and it is estimated that, worldwide, at least 2.8 million people die each year as a result of obesity [6, 7] . General practitioners (GPs) play a central role in the assessment and management of this condition and its lifethreatening consequences. Recent guidelines on its management emphasise measuring abdominal as well as general obesity [8, 9] , because abdominal obesity appears to be a more important risk factor than overall obesity in predicting the development of type 2 diabetes and cardiovascular diseases. Therefore, overweight patients with abdominal obesity should be urged to pursue weight reduction, even when they are not particularly at risk according to body mass index (BMI, weight in kg divided by height in squared meters [kg/m 2 ]) alone [10] [11] [12] . The waist circumference (WC) and the waist-to-hip ratio (WHR, WC divided by hip circumference, HC) are reliable measures for measuring abdominal adiposity [13, 14] . Anthropometric studies have shown that these newer measurement methods presented excellent intra-and inter-observer reproducibility when performed by health professionals who had been trained in anthropometrics [14] [15] [16] [17] .
However, according to a recent study, these newer measurement methods were unreliable in detectecting obesity when performed by GPs [18] . This study, however, involved only GPs working in an academic primary care clinic, and reliability was assessed using inter-observer variability. It did not involve computing measurement error, i.e. comparing doctors' measurements with those performed by trained measurers. Our primary objective was thus to confirm previous findings from a study conducted in an academic primary care clinic on the inaccuracy of anthropometric measurements performed by GPs and to assess the effect of a theoretical training to improve the quality of these measurements. We also aimed to assess GPs' measurement knowledge and practice.
Materials and methods

Recruitment of doctors and volunteers, and randomisation
The study took place in primary care practices in Geneva, Switzerland, from September to December 2011. It was designed in two parts: blood pressure [19] and anthropometric measurements. We report here only the latter. From a convenience sample of 84 doctors who were personally invited to participate, 26 agreed (31%), slightly fewer than our target sample of 30 (see sample size estimate below). Two data collection sessions were planned. For each session GPs had to recruit ten volunteers among their patients (age >18 years, with no other selection criteria) and their next appointment was synchronised with the study visit (during which they first signed the informed consent and then participated in the study). Between the two sessions the GPs were randomised into two groups, by computergenerated random numbers and block randomisation. The first group received a training document, prepared by the authors, explaining the appropriate measurement methods according to international recommendations (intervention group, group I) [20] [21] [22] [23] [24] . The other group received a document which had an identical format, but only introduced the concept of obesity and its consequences (control group, group C). We chose a random allocation in order to differentiate progress related to repeat measurements throughout the study from improved technique as a result of exposure to training material. A statistician independent of the study carried out the randomisation process and sent the documents to GPs. The outcomes were triple blinded (participants, doctors and research assistants). To take part in the study, both doctors and volunteers had to read the information sheet and sign consent forms. The research protocol was aproved by the local research ethics committee.
Data collection and training for anthropometric measurements
Two research assistants participated in theoretical and practical training sessions given by a specialist in anthropometric measurements (two 1 hour-training sessions). The training was based on international recommendations (see appendix 1) [20] [21] [22] [23] [24] . The research assistants were provided with a calibrated flat beam scale for mobile use (SECA 877; scale division: 100 g, capacity: 200 kg) combined with a stadiometer (SECA 217; graduation length: 1 cm, measuring range: 20-205 cm) and two measuring tapes. The 26 GPs were told that the measurements had to be performed as usual in their consultation room. After having visited the doctor, the volunteer was directed into a quiet room, close to the consultation room. While the GP took care of the next patient, the research assistants entered the room and each of them made the measurements in turn, according to the recommended procedure for which they had been trained (see appendix 1). A few days after this first session, the GPs received the training documents by post. A few weeks later, the GPs were asked to set-up the second round of measurements using the same procedure as described above.
Gold standard
The average value of the research assistants' measurements was considered as the gold standard.
Assessment of the GPs measurement technique and practice
For the first participant of each of the two sessions, the two research assistants went into the consultation room with the doctor and observed the doctors' measurement technique. They noted any pitfalls using a formal checklist; doubts and disagreements about the assessment were resolved by discussion and consensus between the research assistants. At the end of the first session, the doctors were asked to complete a questionnaire asking how frequently and in which manner they perform the measurements in their daily practice.
Sample size justification and statistical analysis
A sample size of 30 GPs allowed the simultaneous analysis of three independent variables (a group effect, i.e. comparison between two training groups; a time effect, i.e. comparison before and after intervention; and a doctor effect, i.e. comparison between the doctors) when dealing with multiple variables statistical models, as ten subjects by group are needed for each variable included in the models according to Harrell [25] . We asked the doctors to recruit only ten volunteers, since we were interested in the inter-doctor and not the intra-doctor variability. Frequencies were used to describe the doctors' characteristics as well as their knowledge and practice. For each volunteer, we computed the difference between the doctor's measurements and the gold standard (measurement error). After checking the assumption of normality of the distribution using the Shapiro-Francia test [26] , we performed unpaired t-tests to compare the doctors' and the research assistants' mean differences in measurements before and after training, and between groups. Since these values depend on the magnitude of the measurements, we also computed the relative measurement differences, in order to compare the anthropometric measurements by dividing the absolute difference by the average value of the research assistants' measurements [27] . The extent of agreement between the doctors' and the research assistants' meas-urements was then examined by plotting the differences between the pairs of measurements on the vertical axis, against the mean of each pair on the horizontal axis (BlandAltman plots) [28] . Note that for data not showing a normal distribution, transformations were undertaken when appropriate. By definition, the measurements were considered accurate when the relative measurement errors (computed by dividing the absolute errors by the average value of the research assistants' measurements) were <1% and the 95% limits of agreement (given by the mean difference between the research assistants' average value and the doctors' measurements, plus or minus twice the standard deviation of the differences) were within 2% of the research assistants' average value (example: if the average weight measured by the research assistants was 100 kg, the 95% of the doctors' values should be within 100 kg plus and minus 2 kg). Statistical significance was set at a two-sided p-value ≤0.05. All statistical analyses were performed with STATA version 12.1.
Results
The 26 GPs who agreed to participate in the study had a mean age of 44.1 years (standard deviation [SD] 6.1, range 33-59) and 58% were women. Most of them were certified (general internal medicine 96%, no certification 4%) and relatively experienced doctors (years since certification Table 1 shows the doctors' mean measurement error before and after training, first without taking into account the variance of the differences between the research assistants' and the doctors' values. The absolute measurement differences were very small for weight, height, BMI and WHR, and slightly greater for WC and HC. We also computed the relative measurement differences: height was the most accurate measurement (before training: 0.06%, after training: 0.01%), and weight (0.19% and 0.55%), BMI (0.11% and 0.54%) and HC (0.92% and 0.91%) were also accurate, unlike WC (2.90% and 2.06%) and WHR (4.60% and 1.14%). The differences with the research assistants' measurements (data not shown) were statistically significant, except for height in the two sessions and BMI in the second session. Measurement differences improved after training for WC, HC and WHR: for HC, only in the intervention group (from 1.81% to 0.78%), whereas for WC and WHR, the intervention group improved more (WC from 2.49% to 1.40%; WHR from 5.75% to 3.45%) than the control group (WC from 3.36% to 2.81%; WHR from 3.45% to 1.14%). The extent of agreement between the doctors' and the research assistants' measurements was analysed with BlandAltman plots (see appendix 2). The plots confirmed the lack of systematic bias for weight, height and BMI, since the horizontal line representing the mean difference between the GPs' and the research assistants' values was very close to zero. However, when considering the 95% limits of agreement, except for height, all the anthropometric measurements were inaccurate (i.e. the 95% limits of agreement were not within 2% of the research assistants' average value), though the newer measurements methods (WC, HC and WHR) were largely more prone to measurement error than classical methods (weight and BMI). Table 2 presents the GPs' self-report of their knowledge and usual practice in anthropometric measurements. They hardly ever used the newer measurement methods and their knowledge regarding these measurements was relatively Table 1 : Mean difference between primary care physicians' anthropometric measurements and gold standard (95% confidence intervals), before and after training, first overall, then in the intervention group (Group I) and in the control group (Group C). low (most did not know the correct site of tape placement, the WHR formula and the definition of abdominal obesity). GPs' knowledge and practice in anthropometrics were also assessed through direct observation by the research assistants (table 3) . The findings confirmed that the waist and the hip circumferences measurements were generally not well performed. Indeed, a large number of doctors took the measurements without having removed the patient's clothes, without palpating the appropriate markers and without marking the site of measurement. Most doctors did not take the measurements in the right place. In addition, they did not measure WC at the end of a normal expiration as recommended. Finally, GPs' skills improved slightly following training in the intervention but not in the control group (data not shown).
Before training
Discussion
Summary
The current study confirms that the classical anthropometric measurements (weight, height and BMI determination), when performed by GPs within their practice, are less prone to measurement error than the newer methods (HC, WC and WHR determination), although only height measurement completely fulfilled our criteria for accuracy. The measurement errors were only slightly less important following short theoretical training. Finally, the study highlights large gaps in measurement techniques for the newer anthropometric measurements, though GPs' skills showed slight improvement after training.
Comparison with existing literature
As shown by several authors, the universality and the relatively simple procedure for measuring height and weight probably explain why these measurements are more reliable in general [18, 29, 30] . Interestingly, our study confirms that these measurements are more accurate than the newer anthropometric measurements, even when performed by untrained measurers. Contrasting with these results, WC, HC and WHR measures are highly inaccurate, which could be related to the fact that they require specific manipulation, that different measurement sites and/or techniques are recommended with lack of standardisation [31, 32] , and that they are newer concepts compared to the worldwide well-known BMI. GPs' self-reported skills were relatively low for measuring WC and HC. This was confirmed through direct observation of GPs by the research assistants. Several authors have studied the reliability of these newer anthropometric measurements and the results tend to confirm that they might suffer from a higher measurement error than weight, height and BMI, even when they are performed by specially trained measurers [18, 30, [33] [34] [35] .
To our knowledge, only Sebo et al. have so far studied the variability of these measurements when performed by GPs [18] . They showed the higher variability of these new anthropometric measurements, but improvement occurred following a short theoritical and practical training. Interestingly, the results of these two studies were similar, though the study populations and the statistical analyses differed greatly: the previous study by Sebo et al. was undertaken in an academic primary care clinic, the measurers were less experienced doctors (35.5 years [SD 3.2] vs 44.1 8] ). There was no gold standard in this previous study, thus reliability was assessed by using technical error of measurement (TEM) and coefficient of reliability (R). The two studies showed not only that the classical anthropometric measurements were more reliable, but also that WHR was the least accurate measurement of all. This finding could be explained by the fact that WHR represents a mixture of two circumferences (WC and HC) assessed using a similar procedure, each of which is highly prone to measurement error. In general, GPs' skills improved slightly following a short theoretical training, which is in accordance with previous studies demonstrating the benefit of training the measurers in anthropometrics [18, 36] . Adequate training of the measurers is indeed essential to minimise measurement error and provide accurate data. Interestingly, our study showed that even a simple teaching document received by post can lead to improved measurement techniques, though the improvement was not sufficient to achieve a high level of accuracy.
Limitations
First, the GPs responded to a personal invitation to participate in the study and may thus not be representative of all GPs in the Geneva region or in Switzerland, which limits the external validity of our findings. Our results are therefore rather conservative, since the doctors who agreed to participate probably had a particular interest in the theme under study. This may have favoured the quality of the GPs involvement and measurements and contributed to the low rate of missing data. Second, as only 26 GPs agreed to participate whereas 30 were expected, the study was slightly underpowered, but this should have modest effects on the findings (such as larger standard deviations), as we were able to detect statistically significant differences. Third, because to our knowledge no training in anthropometrics has been offered to GPs in our area in recent years, we considered it unlikely that the GPs would know the usual content of such training and thus assumed that they were blinded. Yet we cannot exclude the possibility that some GPs may have been exposed to previous training in anthropometric measurements in another way. Fourth, measurements were undertaken on volunteers. This could have led to a lower than expected prevalence of overweight and obese subjects in our sample, as these could have been reluctant to participate for fear that they would be stigmatised. Our findings showed that this was not, however, the case (overweight: 33.2%, obese: 21.6%, much higher than the usual prevalence in Switzerland) [5] . Finally, as no data were collected on patients who refused to participate, we cannot exclude a selection bias. However, as our focus was on measurements and not on the prevalence of overweight and obesity, such a selection bias is unlikely to have affected our findings.
Strengths
The study conditions were kept close to daily clinical practice and the GPs had no previous training in anthropometric measurements. They only discovered the details of their task several minutes before data collection began, thus limiting the risk of bias. Further, the mean measurement difference between the two research assistants was very small, confirming that a short theoretical and practical training (two 1-hour-sessions) is enough to ensure measurers' skills. It also justified the choice of the gold standard used in our study.
Conclusion
Our study suggests that the classical anthropometric measurements, when performed by GPs within their practice, are less prone to measurement error than the newer methods, and should therefore be favoured in daily practice, though more studies in various settings are needed to generalise these findings.
Figure 1
Comparison between primary care physicians' and research assistants' weight measurement, before (upper figure  1 ) and after (bottom figure 2 ) training (Bland-Altman plots).
Figure 2
Comparison between primary care physicians' and research assistants' height measurement, before (upper figure  1 ) and after (bottom figure 2 ) training (Bland-Altman plots).
Figure 4
Comparison between primary care physicians' and research assistants' waist circumference measurement, before (upper figure  1 ) and after (bottom figure 2 ) training (Bland-Altman plots). 1 Mean difference between doctors' and research assistants' measurement: 2.58 cm; 95% limits of agreement: -6.61 to 11.78 cm (note that the 21 points which are outside the limits of agreement [8.1%] are labelled with the primary care physician's identification number).
2 Mean difference between doctors' and research assistants' measurement: 1.84 cm; 95% limits of agreement: -6.15 to 9.83 cm (note that the 14 points which are outside the limits of agreement [5.6%] are labelled with the primary care physician's identification number).
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Figure 5
Comparison between primary care physicians' and research assistants' hip circumference measurement, before (upper figure  1 ) and after (bottom figure 2 ) training (Bland-Altman plots).
